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Method of makincr tungsten carbide bas ed hard metal tools or 

components 

The present invention relates to economic and environment- 
5 friendly preparation, handling, and spray drying of slurries, as 
well as pelletizing the thus obtained powder, for the production 
of tungsten carbide based hard metal tools or components using the 
powder injection moulding or extrusion method. 

Hard metals based on tungsten carbide are composites 
10 consisting of small (^im-scale) grains of at least one hard phase 
in a binder phase. In these materials, the hard phase tungsten 
carbide (WC) is always present. In addition, other metal carbides 
with a general composition (Ti,Nb,Ta,W)C may also be included, as 
well as metal carbonitrides, e.g., Ti(C,N). The binder phase 
15 usually consists of cobalt (Co) . Other binder phase compositions 
may also be used, e.g., combinations of Co, Ni, and Fe, or Ni and 
Fe- 

Industrial production of tungsten carbide based hard metals 
often include blending of given proportions of raw materials and 
20 additives with a milling liquid. This liquid is often an alcohol, 
e.g., ethanol or water or a mixture thereof. The blend is then 
milled into a homogeneous slurry. The wet milling operation is 
made with the purpose of deagglomerating and mixing the raw 
materials intimately. Individual raw material grains are also 
25 disintegrated to some extent- The obtained slurry is then dried 
and granulated, e.g., by means of a spray drier. The granulate 
thus obtained may then be used in uniaxial pressing of green 
.--^ bodies, generally with PEG (polyethylene glycol) added as pressing 
/ agent, or for extrusion or injection moulding when stearic acid is 
.:i30 added. 

' Injection moulding is common in the plastics industry, where 

- ' material containing thermoplastics or thermosetting polymers are 

heated and forced into a mould with the desired shape. The method 
I \- is often referred to as Powder Injection Moulding (PIM) when used 
r'iS in powder technology. The method is expensive compared to uniaxial 

pressing and is hence preferably used for parts with complex 

geometry. 

In powder injection moulding of tungsten carbide based hard 
metal parts, four consecutive steps are applied: 
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1. Mixing of the hard metal raw materials with a polymer 
system.. The polymer system acts as a binder and constitutes 25-55 
volume % of the resulting compound. The exact concentration is 
dependent on the desired process properties during moulding. The 

5 mixing is made with all organic constituents in molten state in an 
extruder. The resulting compound is obtained as pellets of 
approximate size 2x4 mm. 

2. Injection moulding using the compounded feedstock. The 
material is heated to 100-240 ""C and then forced into a cavity with 

10 the desired shape. The thus obtained part is cooled and then 
removed from the cavity. 

3. Removing the binder from the obtained part. The removal 
can be obtained by wet extraction of the parts or by heating in a 
furnace with suitable gases present, or a combination thereof. 

15 4- Sintering of the parts. Common sintering procedures for 

hard metals are applied. 

The above mentioned processes require the use of alcohol, 
energy, equipment time, and manpower. It would be desirable to 
reduce these needs for economical and ecological reasons • 
20 The article "Dispersing WC-Co powders in aqueous media with 

polyethylenimine" (E Laarz and L Bergstrom, International Journal 
of Refractory Metals & Hard Materials, 18, 2000, p 281-286) gives 
an account of PEI (polyethylenimine, a cationic polyelectrolyte) 
in slurries of tungsten carbide and cobalt in water. PEI acts as a 
25 dispersant at concentrations above 0,3 % with respect to dry 
powder weight {wt%) . 

EP-A- 1153 652 relates to the preparation of dispersed 
suspensions of WC and Co in water or water- ethanol mixtures using 
PEI, In water based slurries with 3,5 wt% PEG present, a 
-30 dispersing effect of PEI was reported at concentrations above 0.3 
" wt%. For mixtures of water and ethanol, the lowest concentration 
of PEI stated to have dispersing effect is 0.3 wt%. The slurry is 
made from a mixture of 90 wt% ethanol and 10 wt% water with WC, 
Tic, TaC, TiN, and Co powders. A concentration range of a 
"35 polyethylenimine -based polyelectrolyte of 0.1-10 wt% is claimed. 
V • Swedish patent application 0104309-0 relates to the addition 

of low concentrations (0.01-<0.1 wt%) of PEI to slurries 
containing ethanol, water, PEG, and powdered raw materials for the 
production of tungsten carbide based hard metals. A radical 
40 decrease in slurry viscosity is thus obtained, which can be used 
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to decrease the volume of milling liquid, the milling time, the 
rinsing liquid volume, and energy use on slurry drying. A 
concentration range of 0.01-<0.1 wt% of a polye thy lenimine -based 
polyelectrolyte is claimed. 
5 It has now surprisingly been found that an addition of O.Ol-l 

wt% PEI to ethanol -water based slurries containing stearic acid 
and powdered raw materials for the production of tungsten carbide 
based hard metal tools using powder injection moulding gives a 
radical decrease in slurry viscosity. Thus, slurries with higher 
10 powder concentrations can be used. As a result, less ethanol-water 
mixture is needed during milling of the slurry and also for 
rinsing of the mill after milling. The lower slurry viscosity 
gives an increase in milling efficiency and a decrease in the 
milling time needed is hence obtained. The decrease in ethanol - 
15 water volume used gives a decrease in total slurry volume and 

hence a decrease in both energy requirement and equipment time in 
the drying of the slurry. 

The invention relates to a method of preparing a slurry for 
making tungsten carbide based hard metal tools or components by 
20 the powder injection moulding or extrusion route, the resulting 
slurry and a powder obtained after drying said sluriry. 

More specifically the invention relates to the preparation, 
handling, and spray drying of slurries to powders to be used for 
the powder injection moulding or extrusion production route of 
25 tungsten carbide based hard metal tools or components. The 

invention can be used for all grain sizes commonly used; however, 
it has particular usefulness for grain sizes 0.5-5.0 urn. For use 
in slurries containing WC and Co with less than 1 wt% of TaC, NbC, 
and Tic in total of the raw material weight, the PEI concentration 
•30 is 0.05-0.20 wt% of the raw material weight, preferably 0.10-0.16 
wt%. For use in slurries containing WC and Co with 1-15 wt% of 
TaC, NbC, Tic, and/or Ti(C,N) in total of the raw material weight, 
the PEI concentration is 0.04-0.18 wt%, preferably 0.08-0.15 wt%. 
The molecular weight (Mw) of the PEI is 1000-50000, preferably 
"35 10000-30000. More particularly, during milling the standard slurry 
consists of a suspension of 72-82 wt% of powdered raw materials 
(computed on total weight of raw materials and liquid) , more 
preferably 74-80 wt%, in a liquid containing ethanol (65-75 wt%) 
and water. With PEI, the milling slurry consists of 74-84 wt% of 
40 powdered raw materials, preferably 76-82 wt%. After diluting the 
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slurry on emptying and rinsing the mill, the standard sluriry 
consists of 62-72 wt% raw materials, preferably 64-70 wt%- With 
PEI, the slurry consists of 65-75 wt% raw materials, preferably 
67-73 wt%. In addition to the raw materials mentioned above, small 
5 amounts of tungsten metal or carbon black may be included in order 
to adjust the carbon balance in the sintered material. In the used 
ethanol, 4 wt% MEK (methyl ethyl ketone) is included. The 
concentration of stearic acid is 0.1-2,0 wt% of the raw material 
weight . 

10 Other compounds than the above mentioned may also be used as 

raw materials. In one preferred embodiment, zirconium carbide 

and/or hafnium carbide may be included. 

In addition to the above mentioned hard phases, small 

amounts, i.e., less than 1 wt%, of chromium carbide and/or 
15 vanadium carbide may be added in order to inhibit grain growth 

during sintering. 

Exait^le 1 

Viscosity was measured on a slurry containing raw materials 
20 for the production of a commercial hard metal grade by the 

injection moulding route. The raw material contained 86.4 wt% WC 
with a grain size of about 0,75 |im (measurement according to 
Fisher on unmilled sample), 13.0 wt% Co with a grain size (Fisher) 
of about 0.9 |jim, and 0.6 wt% Cr3C2 with a grain size (Fisher) of 
25 about 1.8 |im. Stearic acid was present in a concentration of 0.6 
, wt%. The milling liquid consisted of an ethanol -water mixture with 
70 wt% ethanol. In the slurry, the raw material load was 75.3 wt%. 
The viscosity was measured at ambient temperature with a Cbntraves 
viscometer (1814, TVB) while the slurry was continuously stirred 
"30 by the viscometer. The viscosity was obtained in arbitrary units 
* specific for the equipment. Into the slurry sample, which was kept 
; i in a plastic jar during measurements, a 30 wt% water solution of 
\_l : PEI (obtained from Sigma-Aldrich Sweden, product no. 40,872-7) 
: - : with an average molecular weight (Mw) of 25000 was added dropwise. 
f 3^ The slurry had a viscosity of 70 units before any addition of PEI 
solution had been made. The viscosity then decreased gradually as 
solution was added, until a value of 23 units was reached at a 
concentration of 0.13 wt% PEI. The viscosity then showed only a 
minor decrease upon adding more solution. 
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Example 2 

The ability of a slurry containing PEI to be spray dried into 
powder and the ability of the thus obtained powder to be sintered 
5 into hard metal with uniform microstructure was tested as follows. 
Slurry containing raw materials for the production of a commercial 
hard metal grade according to Example 1 was produced in lab scale. 
Three lab size ball mills with 12 kg hard metal milling balls each 
were used. Into each mill, 2 500 g raw material was loaded. The 

10 intended carbon concentration in the raw material was 5.41 wt% and 
a small amount (1.3 g) carbon black was therefore included in the 
load. To the raw material, 15 g stearic acid, 10.8 g 30 wt% PEI 
solution as described above, and 940 cm^ milling liquid were added - 
The milling liquid consisted of an ethanol-water mixture with 70 

15 wt% ethanol . The added amount of PEI corresponded to 0.13 wt% of 
the raw weight. Milling was made at 44 rev/min during 80 hours. 
The thus obtained slurry was then dried into powder in a lab size 
spray drier. A sample of the powder was pressed uniaxially, 
dewaxed, presintered, and sintered by standard production 

20 procedures into SNUN120412 pieces. Upon microscope inspection of 
polished sections of the sintered material, no porosity could be 
detected. The microstructure was uniform. Measurements of density 
and coercivity gave average values of 14.16 g/cm^ and 16.6 kA/m, 
respectively. Both values are within the two sets of 

25 specifications for the intended grade, manufactured either by 
. pressing and sintering of powder with PEG, or by the injection 
moulding and sintering route using powder with stearic acid. 

'y Example 3 

^30 The ability of spray dried powder containing PEI to be used 

* as raw material for pellets intended for injection moulding was 
: tested as follows. Powder as obtained in Example 2 was tested. The 
equipment used was a Werner & Pfleiderer ZSK 25 twin screw 
: ' : extruder operating between 70 and 170 ^'C in seven zones. Powder was 
:*'3^ fed through two separate hoppers operating at different flow 

: rates, and a proprietary binder system was added through a third 
hopper. The screws had a diameter of 25 mm and were run at 250 
rev/min. The material was extruded through a nozzle with two holes 
with 4 mm diameter and then cut off by a rotating knife into 
40 pellets with an approximate size of 4 x 2 mm. The pellets were 



cooled in a vibrating chute and then collected in a bin where 
additional cooling was made by a throughflow of air. The density 
of the obtained pellets was measured by a Micromeritics Accu Pyc 
1330 pycnometer using helium gas and 35-40 gram samples. The 
material was then rerun through the extruder with more raw powder 
added successively until the pellet density reached the desired 
interval (7.90-7.92 g/cm^) , 

Example 4 

The pellets obtained in Example 3 were used for injection 
moulding trials for hard metal tools with complex geometries. A 
commercial end mill family (Minimaster) exhibiting three flutes 
with one through coolant hole each was chosen. The selected 
geometries were MM06-06007-A30 and MM16-20015-A30 with mill 
diameters of 6.0 and 20.0 mm respectively in sintered product. The 
used geometries represent the smallest and largest tools in the 
family. Injection moulding trials were made in two separate units. 
The small green bodies were produced in a Battenfeld BA 500/200 
CDK-SE equipment. The large green bodies were obtained in an 
equipment specially designed for powder injection moulding. The 
injection moulding tests were made with process parameters 
identical to those used in regular production of the chosen tools. 
No deviations from normal behaviour could be detected during 
trials. 

Example 5 

The small green bodies obtained in Example 4 were mounted in 
upright position on ceramic rods through the coolant channels. The 
rods were fastened vertically into holes drilled in a graphite 
sintering tray. Dewaxing and sintering was then made in a lab 
sinterHIP (a Fine Ceramics Technologies FPW 180/250-220- 100-SP 
unit with 4 dm^ volume) . Sintering was made at 1400 °C and 30 bar 
Ar with 25 minutes hold. The material in the sintered pieces 
showed microstructure, density, and coercivity within the 
specifications of the intended grade. The obtained size and shape 
intervals were within the specification for the tool geometry. 

Example 6 

The large green bodies obtained in Example 4 were mounted as 
described in Example 5 and then included in the regular production 



flow of injection Tnoulded material. Dewaxing and presintering was 
made in a vacuum furnace, the latter with 30 minutes hold in 
vacuum at 1200 ^C. Sintering was made in a sinterHIP with 30 
minutes hold in 30 bar Ar at 1410 The properties of the 
5 obtained pieces were within both metallurgical and geometrical 
specifications ^ 

Example 7 

A production-scale test was made in the following way. A ball 

10 mill was loaded with raw material, stearic acid, and milling 

liquid for the production of hard metal, as described in Example 
1. To the blend was added a 30 wt% water solution of PEI as 
described in Example 1 so that the resulting PEI concentration was 
0.13 % of the raw material weight. The added liquid volume and 

15 milling time were both reduced by 15 % with respect to standard 

values. A measurement of the slurry viscosity after milling showed 
48 units. A measurement of the viscosity of standard slurry 
obtained with standard liquid volume and milling time showed 72 
units. The lower viscosity made emptying of the ball mill easier . 

20 The volume of ethanol -water mixture used for rinsing of the mill 
could therefore be decreased by 15 %. The resulting slurry volume 
after rinsing was hence decreased by 13 %. The run time in the 
following spray drying could therefore be reduced by 14%. The 
obtained granules and the resulting hard metal after sintering 

25 were of standard quality. 
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Claims 

1. Method of making a slurry for making tungsten carbide 
based hard metal tools or components by the powder injection 
moulding or extrusion route, said slurry being based on ethanol- 

5 water and containing stearic acid characterized in 
adding PEI in an amount of 0.04-0.20 wt% of the raw material 
weight . 

2 . Method according to claim Icharacteri zed in 
adding 0,05-0.20 wt% PEI to a slurry containing WC, Co and less 

10 than 1 wt% TiC, NbC and TaC. 

3. Method according to claim Icharacterizedin 
adding 0.04-0.18 wt% PEI to a slurry containing WC, Co and 1-15 
wt% Tic, NbC and TaC. 

4. Slurry for making tungsten carbide based hard metal tools 
15 or components by the powder injection moulding or extrusion route, 

said slurry being based on ethanol -water and containing stearic 
acidcharacteri zed in further containing PEI in an 
amount of 0.04-0.20 wt% of the raw material weight. 

7. Powder for making tungsten carbide based hard metal tools 
20 or components by the powder injection moulding or extrusion route 

containing stearic acid characteri zed in containing 
PEI in an amount of 0.04-0.20 wt%. 

8 . Powder according to claim Vcharacterizedin 
containing 0.05-0.20 wt% PEI and WC, Co and less than 1 wt% TiC, 

25 NbC and TaC. 

4 9. Powder according to claim 7characterizedin 

containing 0.04-0.18 wt% PEI and WC, Co and 1-15 wt% TiC, NbC and 
TaC. 
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Abstract 

The present invention relates to preparation, handling, and 
spray drying, in an economic and environment -friendly way, of 
slurries for the production of tungsten carbide based hard metal 
5 tools or components by the powder injection moulding or extrusion 
route. The slurry used is based on ethanol -water and contains 
metal carbide and metallic raw materials as well as stearic acid 
and a low concentration of polyethylenimine (PEI) . The 
concentration of PEI is 0,01-1 wt% of the raw material weight. 
10 This combination results in low-viscous slurries, which require 

less use of ethanol, energy, manpower, and equipment time in their 
preparation, handling, and spray drying. The invention also 
relates to the powder obtained by using the method. 



